The vectorcardiograms of 60 adult patients with established CVH mainly due to acquired heart diseases were analyzed. The study showed that there were essentially 3 characteristic QRS loop patterns for CVH. In approximately one-fourth of the whole patients, a diagnosis of CVH could be made on the proposed vectorcardiographic criteria. It was found that the vectorcardiographic criteria of CVH in infants and children with ventricular septal defect and patent ductus arteriosus were also applicable to that of adult patients with CVH due to a variety of heart diseases provided some modifications of the vectorcardiographic criteria were made.
SUMMARY
The vectorcardiograms of 60 adult patients with established CVH mainly due to acquired heart diseases were analyzed. The study showed that there were essentially 3 characteristic QRS loop patterns for CVH. In approximately one-fourth of the whole patients, a diagnosis of CVH could be made on the proposed vectorcardiographic criteria. It was found that the vectorcardiographic criteria of CVH in infants and children with ventricular septal defect and patent ductus arteriosus were also applicable to that of adult patients with CVH due to a variety of heart diseases provided some modifications of the vectorcardiographic criteria were made.
Additional Indexing Words: Acquired heart diseases Frank lead system VCG classification QRS loop analysis I T is generally agreed that the diagnosis of combined ventricular hypertrophy by the conventional electrocardiogram is difficult or sometimes even impossible.1)-6) Reports on vectorcardiographic studies of combined ventricular hypertrophy (CVH) have been limited except in infants and children with congenital heart disease .7)-9) The purpose of this study is to analyze the vectorcardiographic findings in adult patients with acquired heart disease who have definite anatomical or hemodynamic evidence of combined ventricular hypertrophy and to determine whether the vectorcardiogram may improve the diagnostic accuracy of the scalar electrocardiogram .
METHODS AND MATERIALS
Sixty cases from the Cincinnati General Hospital with definite hemodynamic or anatomical abnormalities to suggest CVH were included in this study . The hemodynamic evidence to suggest left ventricular hypertrophy (LVH) included an elevation of the left ventricular systolic pressure to greater than 160mm Hg or the left ventricular end-diastolic pressure to greater than 13mm Hg. Right ventricular hypertrophy (RVH) was considered to be present if there is an elevation of the right ventricular systolic pressure to greater than 32mm Hg or the right ventricular end-diastolic pressure to greater than 6mm Hg. The anatomical criteria for CVH required a left ventricular free wall thickness of more than 13mm and right ventricular free wall thickness of more than 3mm. Of 60 cases of CVH 22 cases were based on anatomical evidence and 38 cases were based on hemodynamic evidence. Thirty-four patients had valvular disease such as mitral stenosis with aortic insufficiency or mitral insufficiency. Ten patients had primary myocardial disease, 6 had hypertensive heart disease, and 3 had congenital heart disease such as ventricular septal defect or patent ductus arteriosus. The mean age of the entire group was 45.4 years. The age and sex distribution is shown in Table I . To examine the relationship between the clinical findings and the vectorcardiographic features the cases were divided into left and right ventricular groups. The left ventricular preponderant group consisted of cases in which RVH developed because of left ventricular failure (LV group). The right ventricular preponderant group included cases in which RVH was not the secondary result of LVH disease (RV group).
Conditions which excluded cases from the present study were electrocardiographic signs or anatomic evidence of myocardial infarction and electrocardiographic evidence of complete left or right bundle branch block.
The vectorcardiograms were recorded with the Frank lead system. The subjects were supine and the chest electrodes were placed at the level of the fifth intercostal space at the sternal margin. The reference frame for angular notation is shown in Fig.1 .
In the present study the QRS and T loops in the frontal and transverse planes were analysed. The following measurements of the QRS loop were obtained: (1) configuration of the QRS loop, (2) magnitude and direction of the maximum QRS vector, (3) direction of inscription of the QRS loop, (4) duration of the QRS loop, (5) magnitude of the maximum leftward and the maximum rightward QRS force as projected on the X axis and their ratio, (6) maximum posterior and maximum anterior QRS forces as projected on the Z axis and their ratio, (7) area quadrant distribution expressed as the percentage of total area, (8) maximum left anterior QRS force, (9) maximum left posterior QRS force, (10) maximum QRS loop. In type C CVH the transverse QRS loop was anteriorly oriented and the frontal QRS loop was displaced leftward superiorly and inscribed counterclockwise or the magnitude of the maximum QRS vector was increased and exceeded normal range. These patterns were found in 16 cases (26.7%). The quantitative features of the QRS and T loops for CVH are set out in Table II . The mean magnitude of the major QRS force directing to the left and posteriorly in the transverse plane was 1.6mV for type A CVH and 1.7mV for type B CVH. The mean magnitude of both the left anterior QRS force in type A CVH and the right posterior QRS force in type B CVH was 1.0mV and 1.4mV respectively. Only 4 patients with the CVH patterns had a maximum QRS vecter above 2.0mV in the frontal plane and 3 patients in the transverse plane. The mean maximum QRS vector in type A of CVH was 1.7mV in the frontal plane and 1.6mV in the transverse plane. The significant finding in the area quadrant distribution was found in type C CVH, where the mean left anterior area was 60.3% of the whole QRS loop area in the transverse plane, and in type B CVH the right posterior area was above 20% of the whole QRS loop area in 4 of 6 cases. The terminal deflection in the transverse QRS loop was displaced far posteriorly and to the right and was most prominent in type B CVH, where the mean direction of the terminal deflection was minus 11.7 degrees and the magnitude of the right posterior forces 1.4mV in average. The direction of the initial deflection varied widely thus rendering this parameters of little importance. The duration of the QRS loop in CVH cases was slightly increased compared with that of the normal adult population. As for the direction of inscription of the QRS loop 14 cases with CVH showed a counterclockwise transverse QRS loop and 2 cases of type C CVH showed a figure-of-eight configuration . The direction of inscription of the frontal QRS loop was clockwise in 7 cases , counterclockwise in 1 and a figure-of-eight configuration in 2 . However, the initial portion of the QRS loop of types A and B CVH it was inscribed clockwise with one exception contrasting with the leftward posteriorly oriented maximum QRS vector in the transverse plane. The frontal QRS loop of type C CVH showed counterclockwise inscription in 4 cases and it was displaced to 10 degrees or above in average. The T loop in CVH cases showed various kinds of configuration. The magnitude of the maximum T vector was almost within normal limits. The mean values of the maximum T vector in all types of CVH were around 0.35mV in both transverse and frontal planes. However, the direction of the maximum T vector showed a wide scatter in each type of CVH rendering this parameter of little importance.
Eighteen cases displayed a LVH pattern in which the magnitude of the maximum QRS vector was increased to 2.2mV or more in the transverse plane or to 2.0mV or more in the frontal plane. The maximum QRS vector was directed to the left and posteriorly. The group of LVH was subdivided into 2 types tentatively on basis of the direction of inscription of the transverse QRS loop. Type A LVH showed a counterclockwise QRS loop in the transverse plane, and type B LVH showed a figure-of-eight configuration with Table  II . Continued counterclockwise inscription of the proximal portion and clockwise inscription of the distal portion. The possibility of coexistence of incomplete LBBB could not be ruled out in the latter type. Incomplete LBBB pattern in which the transverse QRS loop showed a figure-of-eight or clockwise inscription but the magnitude of the maximum QRS vector directing to the left and posteriorly was less than 2.0mV was found in 5 cases. The group of RVH was found in 15 cases. There were 3 types of QRS loop representing RVH which was diagnosed on basis of the following features, namely (1) the transverse QRS loop was displaced anteriorly and rightward so that most of the loop was located in the right anterior quadrant and the direction of inscription of the QRS loop was clockwise (type A RVH), (2) the transverse QRS loop showed forward displacement and one-half or more of the QRS area was located anteriorly and the direction of inscription of the loop was counterclockwise (type B RVH), (3) the transverse QRS loop showed posterior and rightward displacement so that 20% or more of the loop area was located in the right posterior quadrant and the direction of inscription of the loop was clockwise or the loop showed a figure-of-eight pattern (type C RVH). The types A, B, C RVH were found in 2, 8, and 5 cases respectively. Incomplete RBBB pattern in which the QRS loop was similar to those of complete RBBB but the QRS duration was less than 0.12sec was observed in only Among the 60 cases studied 18 and 5 cases manifested exclusively LVH and incomplete LBBB respectively. These patterns were observed mostly in patients with aortic valvular disease showing left ventricular preponderance in either hemodynamic or anatomic finding. The pattern which manifested exclusively RVH was observed in 15 cases. They were observed mostly in patients with either mitral valvular disease or primary myocardial disease demonstrating right ventricular preponderance. Five cases manifested nonspecific QRS loop were observed in patients with either mitral valvular disease, aortic valvular disease or hypertensive heart disease. The CVH pattern was seen mostly in patients with combined valvular disease with mitral stenosis. Only 3 patients with aortic valvular disease showed the CVH pattern of vectorcardiogram. Two cases with ventricular septal defect showed the type C CVH pattern. Approximately three-fourth of the CVH cases manifested right ventricular preponderance.
DISCUSSION
The diagnosis of CVH can be made if the characteristics of both right and left ventricular hypertrophy are manifested separately in the QRS loops . In the present series there are essentially 3 vectorcardiographic patterns that we believe represent CVH. They have been designated as types A , B, and C. Type A CVH showing prominent initial anterior forces as well as large late posterior forces in the transverse QRS loop corresponds to the so-called pie plate pattern of the QRS loop9) or the Katz-Wachtel signs2) in the electrocardiogram which have been described in the infants and children with ventricular septal defect or patent ductus arteriosus . In type A CVH the initial large anterior QRS forces could be attributed to right ventricular hypertrophy and prominent posterior leftward QRS forces to the hypertrophied left ventricle. Type B CVH is similar to the posterior counterclockwise transverse QRS loop reported by Varriale and associates.13) In type B CVH the late right posterior QRS forces could be attributed to the hypertrophy of the region of outflow tract of the basal portion of the right ventricle.14) Type C CVH is characterized by the coexistence of an anteriorly oriented transverse QRS loop and a frontal QRS loop which is displaced leftward superiorly and inscribed counterclockwise or the increased magnitude of the frontal maximum QRS vector. In this type the large anterior QRS forces in the transverse plane could be attributed to the hypertrophied right ventricle and the abnormal QRS forces in the frontal plane to the left ventricle.
Chou and Helm have proposed 3 vectorcardiographic patterns for CVH in adults based on clinical evidence.15) The qualitative features of types A and B CVH in the present series were almost same as those of Chou and Helm, however the remaining type of CVH in which the transverse QRS loop was displaced anteriorly and inscribed clockwise to suggest RVH, whereas the frontal QRS loop inscribed counterclockwise was not found in the present study.
Type C CVH in our adult series shows similar frontal QRS loop as described by Beregovich and associates7) and Dack8) in infants and children, however the direction of inscription of the transverse QRS loop differs. Such a discrepancy with our study may be explained by the different varieties of disease studied, the different age of the patient as well as the different lead systems used. In support of the view that additional criteria of CVH other than those observed by Dack and Beregovich and associates may occur in the adults, we believe that the above mentioned type C QRS loop pattern is indicative of CVH in the adults, provided that the superior deviation of the frontal maximum QRS vector associated with myocardial fibrosis can be ruled out. Accordingly the diagnosis of CVH from such vectorcardiographic pattern described as type C CVH should be made with less certainty than that of types A and B CVH.
A large initial segment of the transverse QRS loop directing to the right and anteriorly in presence of the late leftward posterior forces which was described by Beregovich and associations as one of the basic patterns for CVH was not observed in the present adult series. However, relative physiologic right ventricular preponderance may be still sustained in the infants and children although it has subsided in the adults. Therefore, it would seem reasonable that CVH pattern would not exhibit the same electrical manifestation in the adult group as would be observed in the infants and children with similar hypertrophy.
It may therefore be concluded from the results of our study that a diagnosis of CVH in the adults with acquired heart disease can be made on the basis of the above mentioned distinctive vectorcardiographic features, some of which are compatible with the previously established vectorcardiographic criteria of CVH in the infants and children with ventricular septal defect and patent ductus arteriosus.
The present series revealed a sensitivity of approximately 25% in the vectorcardiographic correct diagnosis of CVH in 60 proven cases. One of the reasons for such a low sensitivity may be attributed to that most cases with CVH tend to manifest either LVH or RVH11) only. Another reason is that a proportionate increase of both the right and left ventricles results in a cancellation or counterbalance of opposed vectorial forces resulting in a nonspecific QRS loop in cases with established CVH.10) However, the sensitivity still compares favorably with that obtained with the conventional electrocardiograph.6)
Langendorf pointed out that CVH could be diagnosed by electrocardiographic signs of LVH with right axis deviation of the mean QRS axis exceeding 90 degrees.1) However, the direction of the maximum QRS vector in the frontal plane which corresponds to the mean QRS axis in the electrocardiogram was less than 90 degrees in all of our cases. From this it would be indicated that the vertical heart position less than 90 degrees associated with LVH can not exclude the possibility of CVH. This might be one of the contributing factors related to the low recognition rate of CVH by electrocardiogram. Recently, Varriale and associates reported that the posterior counterclockwise QRS loop in the transverse plane which corresponds to type B CVH in the present series was found in two-thirds of the patients in the adult patients with CVH.13) However, this type of CVH in our study was found only in one-tenth of the patients. This discrepancy may be due to the different severity of the lesion or varied representatives of the overall population of CVH . It also may be due to the different estimation of the vectorcardiographic criteria employed in which the mean magnitude of the left posterior forces and right posterior forces in the transverse QRS loop was 0 .96mV, 0.68mV in their cases and 1.7mV, 1.4mV in our cases respectively . On the other hand neither type A nor C QRS loop pattern seen in the present series was found in their series except for 1 case which was described as a large biphasic anterior and posterior loop pattern in the transverse plane which was p recluded from their CVH analysis . However, that pattern in Varriale's case was similar to that of type A CVH in the present series which was obse rved in 4 cases. present. Their results were in disagreement with our observation. Most of the CVH cases in the present series revealed fairly large initial forces directing leftward and anteriorly which could be attributed to right ventricular hypertrophy.
Our study revealed that in approximately 75% of the cases the vectorcardiograms showed signs of LVH or RVH alone. In the group with nonspecific QRS loop changes, several vectorcardiographic parameters, for example initial 0.02sec vector and terminal deflection, were outside normal range, otherwise the configuration of QRS loop was apparently normal.
